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(54) Autostereoscopic display 

(57) An autostereoscopic display comprises an 
SLM 2 which is controlled to provide an image display 
and a signal display. A parallax optic 3 has a first portion 
which cooperates with the image display to form a plu- 
rality of viewing windows 1 6. A second portion 3a of the 
parallax optic 3 forms first and second images visible to 
an observer at alternate viewing windows 16 so as to 
allowthe observer to distinguish between desired ortho- 
scope viewing zones 17, 19, 21 and undesirable view- 
ing positions such as pseudoscopic positions 22-25. 
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Description 

The present invention relates to an autostereoscop- 
ic display. Such a display may comprise an autostereo- 
scopic three dimensional (3D) display and may be used, 
for instance, in 3D television, medical imaging, compu- 
ter games, telephony, scientific visualisation, virtual re- 
ality and office automation equipment. 

A known type of autostereoscopic 3D display is 
shown in Figure 1 of the accompanying drawings. The 
display comprises a diffuse back light 1 disposed behind 
a spatial light modulator (SLM) 2, for instance in the form 
of a liquid crystal display (LCD). The SLM 2 comprises 
an array of picture elements (pixels), for instance as dis- 
closed in European Patent No. 0 625 861 in which the 
pixels are arranged in columns such that adjacent col- 
umns are substantially contiguous with each other in the 
lateral or horizontal direction. 

A parallax optic 3, for instance in the form of a len- 
ticular screen as illustrated diagrammatically in Figure 
1, is disposed in front of the SLM 2. Each parallax ele- 
ment 6 of the parallax optic 3 is aligned with a respective 
pair of pixel columns of the SLM 2. The pixel columns 
are controlled so as to display alternating vertical strips 
of left and right two dimensional (2D) images for the left 
and right eyes, respectively, of an observer. For in- 
stance, the pixel indicated at 4 displays an element of a 
left eye image whereas the pixel indicated at 5 displays 
an element of a right eye image. 

Light from the columns including the pixels 4 and 5 
is imaged by the associated parallax element 6 in a first 
lobe 7. Light from adjacent pixel columns indicated at 8 
and 9 is imaged by the parallax element 6 into adjacent 
lobes 10 and 11 , respectively. Further, light from the next 
columns indicated at 1 2 and 1 3 is imaged by the parallax 
element 6 into the further lobes 1 4 and 1 5. 

In order to provide a viewpoint corrected display 
such that each eye of an observer sees the same image 
across the whole of the display, the pitch of the parallax 
elements of the parallax optic 3 is slightly less than twice 
the pitch of the pixel columns of the SLM 2. This creates 
viewing zones which are repeated in several lobes. Pro- 
vided the left and right eyes of an observer are located 
in the left and right viewing zones, respectively, of one 
of the lobes, the left eye sees only the 2D image intend- 
ed for viewing by the left eye and the right eye sees only 
the 2D image intended for viewing by the right eye 
across the whole of the display. The widest parts of the 
viewing zones are referred to as viewing windows and 
are located in a common plane as indicated at 16. The 
viewing windows 16 are formed at the intended viewing 
distance from the display. 

Provided the left and right eyes of an observer re- 
main in the left and right eye viewing zones, respective- 
ly, the observer views the display orthoscopically and 
sees the correct 3D image. Such viewing zones may be 
referred to as orthoscopic viewing zones and viewing 
window positions for orthoscopic viewing are indicated 



at 17 to 21. However, if the left and right eyes of the 
observer are located in right and left viewing zones, re- 
spectively, the observer sees a pseudoscopic image. 
Pseudoscopic viewing window positions are indicated 

5 at 22 to 25 in Figure 1 . Pseudoscopic images create 
problems because they often appear to have some 
depth despite the depth information being misleading or 
false. It is not, therefore, always obvious that the observ- 
er is in the wrong location. Further, pseudoscopic view- 

10 ing is known to cause headaches and other symptoms 
of visual strain. 

"Proceedings of Third International Display Work- 
shop", volume 2, November 27-29, 1996 E. Nakayama 
et al, 1996 International Conference Centre, Kobe, Ja- 

15 pan discloses a 3D indicator for assisting an observer 
to find the proper viewing region of an autostereoscopic 
3D display of the type shown in Figure 1 of the accom- 
panying drawings. The indicator is shown in Figure 2 of 
the accompanying drawings and comprises a light-proof 

20 box 26 having afront slit 27 and containing light emitting 
diodes (LED) 28 to 32. The LEDs 28, 30 and 32 emit 
green light whereas the LEDs 29 and 31 emit red light. 
The size of the slit 27 and the geometry of the LEDs 28 
to 32 with respect to the slit 27 are such that, when the 

25 eyes of the observer are located in the orthoscopic po- 
sitions 17 to 21, light from the LEDs 32 to 28, respec- 
tively, can be seen through the slit 27. Thus, when the 
observer's eyes are in one of the orthoscopic positions 
17 to 21, either only a green LED or only a red LED is 

30 visible. When the observer moves away from the ortho- 
scopic positions, light from both a green LED and a red 
LED becomes visible. The observer must therefore po- 
sition himself so that he can see only light of a single 
colour through the slit 27 of the indicator. 

55 The indicator is made as a separate device from the 
autostereoscopic display and therefore requires correct 
alignment during manufacture in orderto ensure that the 
regions where only a single colour is visible align cor- 
rectly with the orthoscopic positions within the viewing 

40 windows. Such alignment is time-consuming and trou- 
blesome and therefore substantially adds to the cost 
and complexity of manufacture. Further, the optical sys- 
tem of the indicator is different from the optical system 
of the display itself. Thus, the indicator only provides 

45 correct identification of orthoscopic viewing positions at 
and very close to the plane containing the viewing win- 
dows. If the observer moves significantly outside this 
plane, the indicator no longer provides a correct indica- 
tion of whether the observer is in an orthoscopic or non- 
50 orthoscopic position. Also, because of differences be- 
tween the optical system of the indicator and the optical 
system of the display, the indicator provides an indica- 
tion which is independent of the performance of the dis- 
play optical system. Thus, even if the indicator is cor- 

55 rectly aligned with the display, an observer may receive 
a false indication of being in an orthoscopic position 
when, in fact, imperfections in the display optical system 
are such that the observer is in an inappropriate viewing 
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position. 

GB2252175 discloses an autostereoscopic display 
of the parallax barrier type. When a viewer moves out 
of the orthoscopic viewing region, the image which is 
visible to the viewer changes. Lateral movement causes 
the perceived image to darken whereas longitudinal 
movement results in vertical stripes being superim- 
posed on the image. These image changes result from 
the parallax barrier structure of the display. 

WO94/24601 also discloses an autostereoscopic 
display in which the perceived image changes when the 
viewer moves outside the orthoscopic viewing region. 
In this case, the perceived image becomes monoscopic 
immediately the viewer leaves the orthoscopic viewing 
zone so as to avoid pseudoscopic viewing. 

According to the present invention, there is provid- 
ed an autostereoscopic display comprising an image 
display, a signal display, and a parallax optic character- 
ised in that the parallax optic has a first portion, which 
cooperates with the image display to form a plurality of 
right and left eye viewing zones in a viewing region, and 
a second portion, which cooperates with the signal dis- 
play to form a first signal image which is visible in at least 
one first part of the viewing region and a second signal 
image which is visible in at least one second part of the 
viewing region. 

It is thus possible to provide an arrangement which 
allows an observer to determine his position with re- 
spect to an autostereoscopic display irrespective of the 
actual images being displayed. In particular, by viewing 
the first and second signal images, the observer can de- 
termine whether he is in afirst or second part of the view- 
ing region. 

Each of the first and second parts may comprise a 
respective adjacent pair of viewing zones. The at least 
one first part may comprise a plurality of first parts and 
the at least one second part may comprise a plurality of 
second parts which alternate spatially with the first parts. 
The first parts may comprise alternate orthoscopic view- 
ing zones. It is thus possible for the observer to deter- 
mine whether he is located in an orthoscopic viewing 
region or in a pseudoscopic viewing region. 

The first and second signal images may differ in var- 
ious ways. For instance, one of the first and second sig- 
nal images may be a bright image and the other of the 
first and second images may be a dark image. In another 
example, the first signal image may be a first colour and 
the second signal image may be a second colour differ- 
ent from the first colour. 

By using a parallax optic having the first and second 
portion, alignment is automatically provided during man- 
ufacture of the parallax optic. Further, the image display 
and the signal display may comprise first and second 
portions, respectively, of a common display. Alignment 
of the first and second portions may therefore be 
achieved during manufacture so that no adjustments to 
achieve alignment are necessary during assembly of 
the autostereoscopic display. 



The common display may be embodied in various 
ways. For instance, the common display may comprise 
a light-transmissive spatial light modulator, such as a 
liquid crystal device, and a light source. As an alterna- 
5 tive, the common display may comprise a light emitting 
display. 

The image display and the first portion may coop- 
erate to form viewing zones in a plurality of lobes with 
two viewing zones per lobe. By minimising the number 
of viewing zones per lobe, improved 3D image resolu- 
tion and possibly increased brightness may be 
achieved. 

The first portion may comprise an array of parallax 
elements having a first pitch in a first direction, the sec- 
ond portion may comprise an array of parallax elements 
having a second pitch substantially equal to twice the 
first pitch in the first direction, and each parallax element 
of the second portion may be aligned in a second direc- 
tion substantially perpendicular to the first direction with 
a respective parallax element of the first portion. The 
image display may comprise an array of picture ele- 
ments having a third pitch in the first direction substan- 
tially equal to or greater than half the first pitch and less 
than the first pitch and the signal display may comprise 
an array of picture elements which have a fourth pitch 
substantially equal to twice the third pitch in the first di- 
rection and which are substantially coplanar with the pic- 
ture elements of the image display. Such an arrange- 
ment is simple and convenient to manufacture and is 
therefore relatively inexpensive. 

The parallax optic may be embodied in various 
ways. For instance, the parallax optic may comprise a 
lens array, such as a lenticular screen. As an alternative, 
the parallax optic may comprise an array of holographic 
optical elements. As a further alternative, the parallax 
optic may comprise a parallax barrier. The first portion 
of the parallax barrier may comprise a plurality of slits 
of a first width and the second portion of the parallax 
barrier may comprise a plurality of slits of the first width. 
As an alternative, the first portion of the parallax barrier 
may comprise a plurality of slits of a first width and the 
second portion of the parallax barrier may comprise a 
plurality of slits of a second width less than the first 
width. 

Each parallax element of the second portion may 
be aligned in a second direction substantially perpen- 
dicular to the first direction with a respective parallax el- 
ement of the first portion. 

The parallax optic may be removable for a non- 
autostereoscopic display mode. Such an arrangement 
may be used to provide a full resolution 2D viewing 
mode. Alternatively, the parallax optic may be electron- 
ically switchable to a 2D mode, for instance as disclosed 
in GB 962021 0.6. Such an electronically switchable par- 
allax barrier may be arranged to switch viewer position 
indication on or off so that more of the display may be 
used for displaying a 3D image when viewer position 
indication is not required. 
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Where the parallax optic is embodied as a parallax 
barrier, the parallax barrier may comprise a first layer 
and a removable second layer, the first layer comprising 
barrier regions for passing light having a first polarisa- 
tion and aperture regions for supplying at least light hav- 
ing a second polarisation which is substantially orthog- 
onal to the first polarisation, the second layer comprising 
a polariser for passing light of the second polarisation. 
The second layer acts as an output polariser which ab- 
sorbs light of the first polarisation and transmits light of 
the second polarisation when the display is in its 3D 
mode. The first layer may be fixed in correct registration 
with respect to the remainder of the autostereoscopic 
display. Switching between autostereoscopic and non- 
autostereoscopic modes can be achieved by removing 
and replacing the second layer, which requires only an- 
gular registration with respect to the rest of the display, 
thus reducing the tolerancing requirements so that dif- 
ficulties with aligning a movable element can be reduced 
or avoided. 

The image display and the signal display may be 
arranged to supply light of the first polarisation, the bar- 
rier regions may be arranged to pass light of the first 
polarisation, and the aperture regions may be arranged 
to convert light of the first polarisation at least partially 
to light of the second polarisation. The first layer may be 
a half waveplate, the barrier regions may have optic ax- 
es parallel to the first polarisation and the aperture re- 
gions may have optic axes aligned at 45° to the first po- 
larisation. By avoiding the use of devices such as polar- 
isation rotators in the barrier regions, suppression of 
light from the barrier regions can be maximised across 
the visible spectrum. This allows cross-talk between 
views to be minimised. 

The signal display may be arranged to be active 
throughout a lateral extent corresponding to the lateral 
extent of the or each three dimensional image displayed 
by the image display. Such an arrangement allows the 
longitudial viewing freedom of the display to be optimally 
indicated. 

The invention will be further described, by way of 
example, with reference to the accompanying drawings, 
in which: 

Figure 1 is a diagrammatic cross-sectional view on 
a horizontal sectional plane of a known autostere- 
oscopic 3D display; 

Figure 2 is a diagrammatic cross-sectional view on 
a horizontal sectional plane of a known observer po- 
sition indicator; 

Figures 3 and 4 are diagrammatic cross-sectional 
views on horizontal sectional planes at different 
heights of an autostereoscopic 3D display consti- 
tuting an embodiment of the invention; 

Figure 5 is a diagrammatic cross-sectional view il- 



lustrating a lenticular screen display of the type 
shown in Figures 3 and 4; 

Figure 6a is a diagrammatic cross-sectional view il- 
5 lustrating a front parallax barrier display of the type 

shown in Figures 3 and 4; 

Figures 6b and 6c are views similar to Figures 3 and 
4, respectively of a rear parallax barrier display 
10 constituting an embodiment of the invention. 

Figure 7 is a plan view illustrating viewing zone for- 
mation by the display of Figures 3 and 4; 

15 Figure 8 illustrates a possible form of the display of 
Figures 3 and 4; 

Figures 9a and 9b illustrate two types of parallax 
optic of the display of Figures 3 and 4; 

20 

Figure 10 illustrates possible sensor locations for 
an autostereoscopic 3D display of the type shown 
in Figures 3 and 4; 

25 Figure 11a illustrates information displayed by an 
SLM of the display shown in Figures 3 and 4; 

Figure 11b illustrates the pixel appearance of the 
SLM shown in Figures 3 and 4; 

30 

Figure 12 illustrates the position indication appear- 
ance for the display of Figures 3 and 4; 

Figure 13 is similar to Figure 12 but illustrates a 
55 modification; 

Figure 1 4 illustrates an SLM colour stripe panel filter 
arrangement for the display of Figures 3 and 4; 

40 Figures 15 and 16 illustrate the panel image ap- 
pearance to an observer when viewing an ortho- 
scope image and a pseudoscopic image, respec- 
tively; 

45 Figure 1 7 illustrates another SLM arrangement suit- 
able for the display shown in Figures 3 and 4; 

Figure 18 is a view similar to Figure 3 illustrating 
another way of indicating correct viewer positioning; 

50 

Figure 1 9 illustrates the use of cross-hatched imag- 
es; 

Figure 20 illustrates the use of vertical and horizon- 
55 tal position indication; 

Figure 21 shows two views similar to Figure 3 illus- 
trating operation in two different modes; 
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Figure 22 illustrates a laptop computer including a 
display of the type shown in Figures 3 and 4 with a 
removable parallax barrier; 

Figure 23a illustrates a first arrangement for switch- s 
ing between 3D and 2D modes; 



Figure 43 is a view similar to Figure 7 but illustrating 
increased longitudial viewer freedom resulting from 
reduced lateral extent of a displayed 3D image; and 

Figure 44 illustrates the appearance of a display 
when operating as illustrated in Figure 43. 



Figure 23b illustrates a second arrangement for 
switching between 3D and 2D modes; 

w 

Figures 24 and 25 are diagrammatic cross-section- 
al views of a third arrangement operating in 3D and 
2D modes; 

Figure 26 illustrates a parallax optic arrangement is 
for providing two 3D modes; 

Figure 27 is a view similar to Figure 7 illustrating the 
effect of pixel columns laterally separated by con- 
tinuous strips of a black mask; 20 

Figures 28 and 29 are views similarto Figures 3 and 
4, respectively, showing another display constitut- 
ing an embodiment of the invention; 

25 

Figures 30 and 31 are views similarto Figures 3 and 
4, respectively, showing a further display constitut- 
ing an embodiment of the invention; 

Figures 32 and 33 are views similarto Figures 3 and 30 
4, respectively, showing yet another display consti- 
tuting an embodiment of the invention; 

Figure 34 is a diagrammatic cross-sectional view of 

a display constituting a further embodiment of the 35 

invention; 

Figure 35 shows an example of images displayed 
by the display of Figure 34; 

40 

Figures 36 and 37 are views similarto Figures 3 and 
4, respectively, of a four view display constituting an 
embodiment of the invention; 

Figure 38 is a view similar to Figure 4 showing an 45 
alternative viewer position indicating arrangement; 

Figures 39 and 40 are views similarto Figures 3 and 
4, respectively of a projection display constituting 
an embodiment of the invention; so 

Figure 41 is a view similar to Figure 4 showing an 
alternative viewer position indicating arrangement; 

Figure 42 illustrates possible appearances of a 55 
viewer position indicating arrangement for different 
positions of an observer; 



Like reference numerals refer to like parts through- 
out the drawings. 

The autostereoscopic 3D display shown in Figures 
3 and 4 differs from that shown in Figure 1 in that it in- 
cludes a viewer position indicator (VPI) arrangement 
shown in Figure 4. This arrangement comprises part of 
the backlight 1 , part of the SLM 2 and part of the parallax 
optic 3. As shown in Figure 3, the SLM 2 has an image 
portion for displaying two 2D stereoscopic images as in- 
terlaced vertical strips on alternating columns of pixels 
with each parallax element 6 being optically aligned with 
an adjacent pair of pixel columns. Left and right viewing 
zones are formed in the lobes 7, 10, 11 , 14 and 15 but 
only the orthoscopic viewing positions 1 7, 1 9 and 21 are 
intended for use by an observer. Thus, the orthoscopic 
positions 1 8 and 20 shown in Figure 1 are not intended 
for use. 

The viewer position indicator arrangement is 
formed by an upper strip of the backlight 1 , a signalling 
portion 2B comprising one or more upper rows of pixels 
of the SLM 2, and a portion 3a of the parallax optic 3. 
The pixels shown in Figure 4 are operated in horizontal 
pairs so as to act as pixels such as 30 and 31 having 
twice the horizontal extent and twice the pitch of the pix- 
els shown in Figure 3 and used for displaying the ster- 
eoscopic images. The portion 3a of the parallax optic 3 
comprises a portion whose parallax elements 32 have 
twice the horizontal pitch of the parallax elements 6 
shown in Figure 3. Pixels such as 30 (shown unshaded) 
are controlled so as to provide a bright image and alter- 
nate laterally with pixels such as 31 (shown shaded) 
which are controlled so as to provide a dark image. In 
particular, the pixels 30 are substantially transparent 
whereas the pixels 31 are substantially opaque. 

Each parallax element 32 is aligned with a respec- 
tive parallax element 6. The pixels 30 and 31 and the 
parallax elements 32 cooperate to provide a bright im- 
age in the lobes 1 0 and 1 1 and a dark image in the lobes 
7, 14 and 15. Thus, when an observer is located at the 
orthoscopic positions 17, 19 and 21 in the viewing win- 
dows 1 6, the viewer position indicating arrangement ap- 
pears dark. As the observer moves from an orthoscopic 
position such as 19 to a pseudoscopic position such as 
23, light from the viewer position indicating arrangement 
becomes visible, for instance to the right eye of the ob- 
server, thus indicatingtothe observer that he has moved 
from an orthoscopic position to a pseudoscopic position. 
If just one eye sees light from the viewer position indi- 
cating arrangement, the brain registers this as image 
data. The display does not, therefore, require both eyes 
of the observer to see light from the arrangement in or- 
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der to work. Thus, provided the observer moves to a po- 
sition where no light is visible from the viewer position 
indicating arrangement, he will remain in an orthoscopic 
position such as those indicated at 17, 19 and 21 . 

Figure 5 illustrates a specific arrangement of the 
display in which the SLM comprises an LCD 2 and the 
parallax optic comprises a lenticular screen 3. The ar- 
rangement of Figure 6a differs from that of Figure 5 in 
that the lenticular screen 3 is replaced by a parallax bar- 
rier constituting the parallax optic. The parallax barrier 
3 is illustrated at the output side of the LCD 2 but may 
alternatively be located between the LCD 2 and the 
backlight 1 as shown in Figures 6b and 6c. In this case, 
the pitch of the parallax barrier 3 is slightly larger than 
the pitch of the pixel columns so as to provide viewpoint 
correction. 

Other forms of parallax optic 3 are possible, such 
as holographic optical elements as described hereinaf- 
ter. 

Figure 7 illustrates the permissible range of move- 
ment of an observer. As described hereinbefore, the dis- 
play comprising the elements 1 , 2 and 3 is of the view- 
point corrected type in which left and right viewing zones 
35 and 36 are formed. The display is arranged to form 
the viewing zones such that the widest lateral extents 
forming the viewing windows have a pitch substantially 
equal to the average interocular separation of an ob- 
server. Provided the left and right eyes of the observer 
remain within the viewing zones 35 and 36, respectively, 
in each lobe, the observer will see the desired 3D image. 
Lateral or longitudinal observer movement such that at 
least one eye moves out of its viewing zone will allow 
the observer to see an undesired image. For instance, 
as described hereinbefore, lateral movement of the ob- 
server in the plane containing the viewing windows 
leads to pseudoscopic viewing in which the left and right 
images are seen by the right and left eyes, respectively, 
of the observer. 

The lower part of Figure 7 illustrates the formation 
of a viewpoint corrected zone 37 for the viewer position 
indicating arrangement. Both eyes of an observer must 
be within the zone 37 in order to see an orthoscopic im- 
age. The arrangement of the pixels of the SLM 2 and of 
the elements 6 and 32 of the parallax optic 3 is such that 
the zones 37 are produced in lobes which are laterally 
and longitudinally aligned with adjacent pairs of ortho- 
scopic viewing zones 35 and 36. Bright and dark zones 
37 alternate laterally and are aligned with alternate or- 
thoscopic viewing zones for the observer. Provided the 
observer remains within a dark zone 37 such that no 
light from the viewer position indicating arrangement is 
visible to either eye, the observer will be in one of the 
orthoscopic viewing zones intended for use. If the ob- 
server moves outside the dark zones 37 as a result of 
lateral or longitudinal movement or both relative to the 
display 1 , 2 and 3, light will be visible to either or both 
eyes of the observer. 

For instance, the near point 38 and the far point 39 



are shown in Figure 7 and represent the closest and fur- 
thest orthoscopic viewing positions of the observer. 
Movement nearer to or further from the display will result 
in the observer moving outside the zone 37 and seeing 
5 light from the viewer position indicating arrangement. As 
shown in the upper part of Figure 7, such movement 
would take the observer outside the intended orthoscop- 
ic viewing zone. Accordingly, the viewer position indicat- 
ing arrangement provides an unambiguous indication to 
the observer of any movement outside the intended or- 
thoscopic viewing zones. As the observer moves further 
away from the intended orthoscopic viewing zones, 
more light is seen over the area of the viewer position 
indicating arrangement. This therefore assists the ob- 
server to position himself correctly for orthoscopic view- 
ing of the 3D image. 

By using different parts of the SLM 2 and the paral- 
lax optic 3 to provide the viewer position indicating ar- 
rangement, such an arrangement may be provided with- 
out increasing the bulk of the autostereoscopic display 
and with little or no additional cost. No alignment step 
during manufacture is required for the viewer position 
indicating arrangement to be aligned with the rest of the 
display because alignment is guaranteed subject to tol- 
erances in the SLM 2 and the parallax optic 3 individu- 
ally. Similarly, misalignment cannot occur during use of 
the autostereoscopic display. Further, substantially the 
same viewing performances of the display part and the 
viewer position indicating arrangement part are provid- 
ed. Thus, aberrations, defocus, scatter and other effects 
which degrade viewing window quality similarly affect 
the performance of the viewer position indicating ar- 
rangement. The position indication is provided within the 
area of the display and so is readily visible to an observ- 
er. 

The viewer position indicating arrangement does 
not require additional power or connections. Further, it 
can readily be incorporated in small hand held devices 
or in laptop type displays. 

Figure 8 illustrates a possible arrangement of the 
display. The parallax optic 3 is shown forward of its nor- 
mal position against the SLM 2 which comprises an LCD 
panel. The parallax optic 3 is illustrated as a parallax 
barrier in which at least some of the slits are extended 
as shown at 40 and cooperate with pixels 41 at the top 
of the panel 2 to provide the viewer position indicating 
arrangement. Thus, no additional components are re- 
quired to provide the viewer position indication and it is 
merely necessary for the pixels 41 to be controlled ap- 
propriately. 

It is possible for only one slit to be extended over a 
few pixels to provide a point or spot-shaped indication 
of viewer position. The arrangement shown in Figure 7 
would provide two such points visible on the indicator. 
However, it is preferable for the slits to be extended 
across the whole width of the display so as to provide a 
line-shaped indication as described hereinafter. 

Figure 9a shows the parallax barrier 3 of Figure 8 
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in more detail with slits across the whole width extended 
to provide line-shaped indication. The portion of the par- 
allax barrier 3 which cooperates with the LCD panel 2 
to form the autostereoscopic image comprises a plural- 
ity of parallel vertically extending slits disposed at a reg- 
ular horizontal pitch. The slits are defined by opaque re- 
gions of the barrier 3. The portion 3a of the barrier 3 also 
comprises an array of slits but disposed at twice the hor- 
izontal pitch of the slits of the lower part and with each 
slit of the upper part being vertically aligned with a re- 
spective slit of the lower part. The slits all have the same 
optical width. Thus, the boundaries of the windows have 
the same optical performance. As a result, as the ob- 
server starts to approach a window boundary, image 
cross-talk increases. However, the same amount of 
cross-talk occurs in the viewer position indicating ar- 
rangement so that this arrangement gives direct infor- 
mation on the performance of the autostereoscopic dis- 
play in a form which is readily visible to the observer. 

Alternatively, the slit width of the portion 3a may be 
changed to tighten the best viewing position. Figure 9b 
shows a parallax barrier 3 in which the slit width in the 
portion 3a is narrowerthan the slit width in the remainder 
of the barrier so as to give a more defined "best" viewing 
location. Also, parts of a black mask of the SLM 2 be- 
tween the pixels aligned with the upper and lower parts 
of the barrier 3 cause black zones in the window plane, 
which black zones are undesirable viewing regions. The 
viewer position indicating arrangement also gives infor- 
mation on the black mask shape as described hereinaf- 
ter. 

Figure 10 illustrates different possible positions for 
a strip-shaped viewer position indicating arrangement 
42. The arrangement may comprise a horizontal strip 
located at the top of the display as described hereinbe- 
fore and illustrated in the upper left part of Figure 10. 
The upper right part of Figure 10 illustrates an alterna- 
tive position at the bottom of the display. The lower left 
part of Figure 10 illustrates vertical strips at opposite 
sides of the display. The lower right part of Figure 10 
illustrates an arrangement which combines the upper 
and lower horizontal strips and the vertical strips at op- 
posite sides. The preferred arrangement is a horizontal 
strip as illustrated at the upper left and right parts of Fig- 
ure 10 so as to provide the observer with maximum 
awareness of the onset of a poor viewing position. The 
strip 42 will illuminate at different points along its width 
if the observer is not at the plane of the viewing windows 
as described hereinafter. 

Figure 11a illustrates an LCD pixel arrangement in 
which the upper three rows 43 of pixels are used to pro- 
vide the viewer position indication. The upper and lower 
of the rows 43 are controlled so as to be opaque where- 
as the middle row is controlled such that pairs of adja- 
cent transparent pixels alternate with pairs of adjacent 
opaque pixels. This effectively provides alternating light 
and dark pixels having twice the width and twice the 
pitch of the remaining display pixels. 



The display pixels are arranged as alternating col- 
umns for displaying left and right eye image data as in- 
dicated by different densities of shading, for instance at 
44 and 45, respectively. Figure 11b illustrates the ap- 

5 pearance of the viewer position indicating (VPI) pixels 
such as 46 and image pixels such as 47. The pixels have 
a black background produced by the black mask of the 
SLM. More rows of pixels may be used to increase the 
visibility of the indicating arrangement. 

10 Figure 12 illustrates the appearance of the indicat- 
ing arrangement. The upper row shows the pixel ap- 
pearance, the lower row shows the appearance of the 
arrangement to an observer in an orthoscopic viewing 
position, and the bottom row shows the appearance to 

15 one eye of an observer in a pseudoscopic viewing po- 
sition. Crosstalk of typically two to three percent in the 
display results in the strip shown at 50 being effectively 
two to three percent brighter than the adjacent horizon- 
tal strips and hence possibly being visible against the 

20 background to the observer in an orthoscopic position. 
As shown in Figure 1 3, this may be overcome by arrang- 
ing for the adjacent background strips to add the appear- 
ance of "97%" black compared with the "100% black" 
appearance of the dark pixels in the active row or rows 

25 taking into account the display "gamma". Thus, when 
the observer is in an orthoscopic viewing position, the 
active row or rows are substantially invisible against the 
adjacent rows so that no misleading indication is given 
to the observer. 

30 Figure 14 illustrates a possible colour stripe panel 
filter arrangement for the SLM 2 in order to provide a full 
colour display. Red, green and blue colours forthe pixels 
are indicated by R, G and B, respectively. An example 
of the appearance of the display to the left and right eyes 

55 of an observer in an orthoscopic position is shown in 
Figure 1 5 whereas that for an observer in a pseudoscop- 
ic position is shown in Figure 16. For the orthoscopic 
position as shown in Figure 15, the VPI pixels are not 
visible whereas, for the pseudoscopic position illustrat- 
ed ed in Figure 16, the VPI pixels are visible, in this case 
to the right eye of the observer. It would be possible to 
make use of a single colour such as red for the position 
indication, for instance by turning on only VPI pixels of 
the same colour. However, this results in a reduction in 

45 the brightness and resolution of the position indication. 
In order to avoid this, the VPI pixels may be aligned with 
colour filtering of a single colour. 

Figure 17 illustrates an arrangement which differs 
from that shown in Figure 11a in that the upper three 

50 rows 43 of pixels are replaced by a passive arrange- 
ment. Because the display information of these pixels is 
fixed, the part of the SLM which forms the viewer posi- 
tion indicating pixels can also be fixed. Thus, the upper 
part of the SLM does not need to be controlled. The pix- 

55 els 43' are defined by the black mask of the SLM and 
are not provided with addressing electrodes because 
they are permanently transmissive. The pixels 43' are 
shown in Figure 17 as being covered by a red filter so 
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that the viewer position indication is provided in the form 
of a red horizontal strip and the liquid crystal for these 
pixels is not controlled. If more convenient, the pixels 
43' may be formed by extensions of the SLM substrates 
and black mask beyond the area of the SLM containing 
the liquid crystal. In another embodiment, the pixels 43' 
are controlled by a single electrode which may be used 
to switch the whole of the indicating arrangement on and 
off. 

The display described hereinbefore provides an in- 
dication of viewer position in the form of bright and dark 
zones. Alternatively, alternating zones of different col- 
ours may be provided and such an arrangement is illus- 
trated in Figure 18. This may be provided by arranging 
for all of the pixels, for instance of the active row or rows 
within the top rows 43 of Figure 11, to be transparent 
but with colour filtering such that alternate pairs of pixels 
are of different colours. The observer has to detect the 
difference between pure and mixed colours in order to 
find the best viewing positions. However, the intermedi- 
ate orthoscopic viewing positions 18 and 20 which are 
unused in the displays described hereinbefore may 
again be used. The observer positions himself so that 
both eyes see the same colour on the viewer position 
indicating arrangement. If the observer moves away 
from the orthoscopic viewing zones, the eyes of the ob- 
server will see different colours. 

Figure 1 9 illustrates an arrangement in which imag- 
es hatched in opposite directions are visible in alternate 
viewing zones such as zone 1 and zone 2. A cross- 
hatched appearance occurs for the pseudoscopic zone 
as shown at the bottom of Figure 19. 

The indicator arrangement may provide images 
which are red, green, white, flashing colours or text or 
symbols such as arrows for helping the observer to de- 
termine the correct direction of movement to return to 
an orthoscopic viewing zone. 

The arrangements described hereinbefore are 
mainly concerned with achieving the correct lateral or 
horizontal position of the observer and will work for a 
range of vertical observer positions. However, if the ver- 
tical position of the observer is also required, for in- 
stance for finding the best vertical viewing position, a 
vertical position indicator may be provided as illustrated 
in Figure 20. A horizontal viewer position indicating ar- 
rangement of the type described hereinbefore is provid- 
ed and is supplemented by vertical position indicating 
arrangements 51. Each arrangement 51 comprises a 
horizontal parallax barrier as illustrated at 52 and a pixel 
arrangement as illustrated at 53. When the observer is 
disposed at the correct height, the arrangements 51 ap- 
pear bright as illustrated at 54. However, when the ob- 
server is not at the correct height, the arrangement ap- 
pears darkas illustrated at 55. Alternatively, the light and 
dark indications may be reversed so as to have dark ap- 
pearance at the correct height and light appearance at 
the incorrect height. 

In order to optimise the viewer location more accu- 



rately so as to improve display quality, the viewing free- 
dom of the viewer position indicating arrangement may 
be made more restricted than for indicating orthoscopic 
viewing to the observer. Alternatively or additionally, the 
s pixel shape of the arrangement may be adjusted to min- 
imise the viewing freedom and thus optimise the observ- 
er location. 

The displays described hereinbefore and illustrated 
in the accompanying drawings are configured for a cen- 

10 tral observer with other observers able to see the 3D 
image in lobes to the side of the central viewing window. 
However, in some applications such as video games, 
two "side-by-side" observers may be preferable. This 
may be achieved by changing the image data from the 

15 previously described arrangement shown at position 1 
in Figure 21 to the arrangement shown at position 2. 
This merely requires altering the states of the pixels of 
the viewer position indicating arrangement. Thus, the 
display may be electronically switchable between the 

20 two modes with no moving parts. 

Figure 22 illustrates a laptop computer 60 having a 
display in the form of an autostereoscopic display as de- 
scribed hereinbefore. The display includes a parallax 
optic 3 in the form of a parallax barrier of the type illus- 

25 trated in Figure 4. The upper part of Figure 22 illustrates 
use of the display in the autostereoscopic 3D mode. The 
parallax barrier is disposed in an attachment 61 so as 
to be in correct registration with the pixels of the SLM 
within the display. For instance, the barrier may be made 

30 on a glass or acrylic substrate whose coefficient of ther- 
mal expansion is sufficiently close to that of the glass of 
the LCD forming the SLM. The barrier apertures can be 
manufactured from an exposed and developed photo- 
graphic emulsion. Such an exposure can be produced 

55 with 0.1 ujti tolerances using a flat bed laser scanning 
apparatus. 

The lower part of Figure 22 illustrates a 2D mode of 
operation in which the parallax barrier 3 is removed from 
the attachment 61 and, for instance, stored in a suitable 

40 receptacle or pouch at the back of the display. This al- 
lows the full spatial resolution of the SLM to be used in 
the 2D mode. 

Other arrangements are possible for permitting the 
parallax barrier to be removed or disabled for the full 

45 resolution 2D mode. For instance, the barrier may be 
hinged to the top of the display or may be on a roller 
blind which can be pulled down in front of the SLM 2 
when required. Alternatively, an array of half waveplate 
90 degree polarisation rotators, which may be half 

50 waveplates, may be provided, for instance by patterning 
onto a layer which can be attached to an output polariser 
of the SLM 2 or on a separate sheet which is mounted 
near to the output polariser and aligned with the display. 
In the 2D mode, this is not visible. However, by disposing 

55 an additional polariser in front of the display, areas hav- 
ing 90 degree rotators transmit light whereas those with- 
out such rotators extinguish light to form the parallax 
barrier. The additional polariser is not required to be pat- 
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terned so that its alignment with the display is less crit- 
ical. Such a polarising layer can be made more robustly 
than a removable parallax barrier and is not affected by 
thermal expansion differences. Alignment tolerances 
are significantly reduced compared with alignment of 
the barrier itself. 

An arrangement of this type is shown in Figure 23a. 
The parallax optic 3 comprises a substrate having por- 
tions 64 which do not affect polarisation and strip- 
shaped portions 65 which act as half waveplates. In the 
3D mode, a linearly polarising sheet 66 is disposed over 
the substrate. Polarised light from the SLM 2 passes 
through the regions 64 unchanged but the light passing 
through the half waveplates 65 has its polarisation vec- 
tor rotated by 90 degrees. The polarising direction of the 
polarising sheet 66 is perpendicular to the direction of 
polarisation of the incoming light so that light passing 
through the regions 64 is extinguished whereas light 
passing through the half waveplates 65 is transmitted. 
When the display is required to operate in the full reso- 
lution 2D mode, the polarising sheet 66 is removed so 
that all light from the SLM 2 is transmitted. 

90 degree rotators, such as half waveplates, tend 
to be optimised for a particular wavelength. Thus, in the 
3D mode, light transmitted through the slits may become 
slightly coloured. Single layer retarder elements may be 
appropriate for this application but chromatic perform- 
ance may be improved by using multi-layer retarder 
structures. Any light transmitted through the regions be- 
tween the slits would result in undesirable image cross- 
talk. However, no polarisation modification is used in the 
regions between the slits so that most of the light is ab- 
sorbed by the polarising sheet 66 which may have good 
broadband absorption properties. Accordingly, display 
crosstalk can be minimised. 

Figure 23b illustrates an arrangement of a type sim- 
ilar to that shown in Figure 23a. However, the portions 
64 and 65 all comprise half waveplates, but with their 
optic axes differently aligned. An input polariser 63 is 
shown with its polarising axis at 45° to a reference di- 
rection (horizontal). The input polariser 63 is generally 
constituted by an output polariser of the SLM 2 when 
embodied as an LCD. The optic axes of the portions 64 
are aligned at 45° and are therefore parallel to the po- 
larisation vector of light from the input polariser. The por- 
tions 64 thus have substantially no effect on the polari- 
sation so that light passing through the portions 64 is 
absorbed by the output polariser 66, whose polarising 
axis is aligned at 135°. 

The optic axes of the portions 65 are aligned at 90° 
so that the polarisation vector of light passing through 
the portions 65 is changed to 1 35° and is transmitted by 
the output polariser. Thus, with the output polariser in 
place, a parallax barrier is formed to provide 3D viewing. 
By removing the output polariser from the optical path, 
a full resolution 2D mode is provided. 

Alternate ones of the portions 65 are extended 
downwardly as shown at 65' to form the barrier portion 



3a in the 3D mode to provide the viewer position indica- 
tion. However, when the output polariser is removed, the 
whole of the SLM is available for displaying 2D images. 
Figure 24 illustrates another arrangement for 
5 switching between 3D and 2D modes. The SLM 2 com- 
prises an LCD comprising an input polariser 67 having 
a polarisation direction illustrated by a double headed 
arrow 68, a liquid crystal pixel layer 69, and an output 
polariser 70 having a polarisation direction indicated by 
a double headed arrow 71 . A waveplate substrate 72 is 
disposed adjacent the output polariser 70 and compris- 
es a transparent substrate carrying strip-shaped half 
waveplates 73. The substrate 72 forms part of the par- 
allax optic 3 which also comprises a broad area switch- 
able polarisation modulator 74 and an output polariser 
75 having a polarisation direction indicated by the dou- 
ble headed arrow 76. 

In the 3D mode illustrated in Figure 24, output light from 
the SLM 2 is polarised in the direction indicated by the 
double headed arrows 77. Light passing through the 
waveplates 73 has its polarisation direction rotated by 
90 degrees so as to be in the direction indicated by the 
double headed arrow 78. Light passing through the sub- 
strate 72 between the waveplates 73 is unaffected. The 
polarisation modulator 74, which may for instance com- 
prise a twisted nematic cell or pi cell, is controlled so as 
to have no effect on polarisation so that the output po- 
lariser 75 passes light with the polarisation 78 but extin- 
guishes light with the polarisation 77. The parallax optic 
3 therefore functions as a parallax barrier. 

Figure 25 illustrates operation in the full resolution 
2D mode. In this mode, the active layer 79 of the polar- 
isation modulator 74 is controlled so as to rotate the po- 
larisation of incoming light by 45 degrees. The active 
layer 79 may achieve this by rotating the polarisation by 
45 degrees or by applying a quarter wave phase shift. 
Thus, light from all parts of the substrate 72 including 
the waveplates 73 is incident on the output polariser 75 
with a polarisation direction at 45 degrees to the polar- 
ising axis 76 of the polariser 75 or with circular polarisa- 
tion. Accordingly, the output polariser 75 transmits light 
from all regions of the substrate 72 with substantially the 
same relatively low attenuation and the parallax optic 
effectively disappears. 

For some applications, it may be desirable to be 
able to switch between a 3D mode including viewer po- 
sition indication by means of part of the SLM and a 3D 
mode using the whole of the SLM for image display. An 
arrangement for achieving this is shown in Figure 26. 
The arrangement effectively comprises a modified par- 
allax barrier 3 and a polarising sheet 80. The lower por- 
tion 3a of the parallax barrier comprises clear slits 81 
which are used for providing the viewer position indica- 
tion and slits 82 which are half waveplates and which 
are not required to provide viewer position indication. As 
described hereinbefore, light from the SLM is linearly 
polarised so that light passing through the slits 81 is un- 
affected whereas light passing through the slits 82 has 
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its polarisation axis rotated by 90 degrees. When viewer 
position indication is required, the polarising sheet 80 is 
disposed over the portion 3a of the parallax barrier 3 
and has a polarisation axis such that light passing 
through the slits 81 is transmitted whereas light passing 
through the slits 82 is extinguished. In this mode, the 
parallax barrier 3 functions in the same way as that il- 
lustrated, for instance, in Figure 9. When viewer position 
indication is not required and the whole area of the dis- 
play is to be used for image display, the polarising sheet 
80 is removed so that the slits 81 and the slits 82 effec- 
tively form extensions of the other slits of the parallax 
barrier 3. 

In the arrangements described hereinbefore, some 
of the rows of pixels of the SLM 2 are used to provide 
position indication. This results in some loss of resolu- 
tion and image size of the 3D image. However, this may 
be regained by providing additional pixels specifically for 
position indication and, for instance, only capable of be- 
ing switched between a colour and black. The process- 
ing electronics requirement associated with such pixels 
is small so that driver cost need not be substantially af- 
fected. Because the data for such pixels are fixed for 
each mode of operation, devices such as thin film tran- 
sistors would not be necessary for controlling these pix- 
els. 

Figure 27 illustrates the effect of using an SLM 2 
having pixels arranged in columns but with the columns 
laterally separated by continuous vertical strips of a 
black mask of the SLM. The upper part of Figure 27 il- 
lustrates that the viewing windows 16 are no longer lat- 
erally contiguous but are separated by vertical strips 
such as 83 where the vertical black mask strips are im- 
aged. Thus, the allowed viewing zones 35a and 36a are 
more spatially restricted than the viewing zones 35 and 
36 shown in Figure 7. However, as shown in the lower 
part of Figure 27, the same effects are present in the 
viewer position indicating arrangement such that a re- 
duced viewpoint corrected zone 37a having near and 
far points 38a and 39a closer to the plane of the viewing 
windows is produced. The reduced zone 37a corre- 
sponds to the reduced zones 35a and 36a so that cor- 
rect viewer position indication is given for this embodi- 
ment. 

Figures 28 and 29 show an autostereoscopic 3D 
display which differs from that shown in Figures 3 and 
4 in that the parallax optic 3 comprises a sheet carrying 
holograms 84 and 85 for forming the viewing windows 
16. Each hologram 84, 85 is disposed nominally at the 
plane of the pixels of the SLM 2, although the pixels may 
alternatively be imaged onto the holograms for the same 
effect. The display is illuminated by a reference beam 
86 and each of the holograms 84 produces a set of view- 
ing windows, each of which has a lateral width substan- 
tially equal to the interocular separation of an observer. 
Similarly, the holograms 85 for providing the viewer po- 
sition indication give rise to windows, each of whose 
width is substantially equal to twice the interocular sep- 



aration. 

The use of holograms has the advantage that left 
and right eye image data may be interlaced horizontally 
on rows of the SLM 2. Thus, the cost of an image inter- 
5 lacing system may be reduced. However, the imaging 
property of the holograms still allows the generation of 
the illustrated viewing position indication window con- 
figuration. 

In order to improve diffraction efficiency, each holo- 
10 gram may be arranged to produce a single viewing win- 
dow so that an array of pixels, each with its own holo- 
gram, is required to produce the array of windows. 

All of the pixels in the viewer position indicating ar- 
rangement may be used to generate the illuminated win- 
15 dows for providing viewer position indication. Accord- 
ingly, a relatively bright indication may be provided. 

Figures 30 and 31 show a display of the same type 
as shown in Figures 28 and 29 but in which the holo- 
grams 84 and 85 produce different viewing windows. In 
20 particular, the holograms 84 produce windows whose 
width is substantially equal to the interocular separation 
of an observer. The viewing windows are disposed in 
pairs to provide orthoscopic viewing positions 17, 19 
and 20 but with the pairs spaced apart so that there are 
25 no pseudoscopic positions. The holograms 85 are ar- 
ranged to direct light to the gaps between the adjacent 
pairs of windows and give a clear indication if an observ- 
er is about to move outside the orthoscopic positions. 
Figures 32 and 33 illustrate another autostereo- 
30 scopic 3D display of the type shown in Figures 3 and 4 
comprising an SLM 2 and a parallax barrier 3 having a 
portion 3a for providing viewer position indication. How- 
ever, the display shown in Figures 32 and 33 provides 
spaced viewing windows of the type illustrated in Fig- 
55 ures 30 and 31 . The pixels of the SLM 2 are arranged 
as adjacent pairs of columns separated from each other 
by the black mask of the SLM which gives rise to the 
spaces between the pairs of viewing windows. 

If an eye of an observer is outside the orthoscopic 
40 viewing positions 17 to 21 , the display as seen by that 
eye appears to turn black. With real image data, low in- 
tensity images with little disparity can cause problems 
because an observer may drift outside the best viewing 
zone without realising it until the image returns to a high- 
45 er intensity value. By providing the viewer position indi- 
cation with light being visible in the non-orthoscopic 
zones, an observer can easily check that he is in an or- 
thoscopic viewing position irrespective of the image da- 
ta being displayed. 
50 Figure 34 illustrates a display of the type shown in 
Figures 3 and 4 but providing three viewing windows 1 6 
per lobe. Each set of windows provides a left view, a 
right view and a "black" view as illustrated in Figure 35. 
The right eye image 90 has a black strip 91 permanently 
55 displayed at its bottom edge. Similarly, left eye image 
92 also has a black bottom strip 93. The black view con- 
tent is illustrated at 94 and comprises a white strip 95 at 
its bottom edge. 
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The presence of the black windows eliminates the 
pseudoscopic viewing positions to leave the orthoscopic 
positions 17 to 21 and non-orthoscopic positions there 
between. When an observer is at one of the orthoscopic 
positions 1 7 to 21 , both eyes see the black strips 91 and 
93. However, when an eye of the observer moves to a 
non-orthoscopic position, that eye sees the white strip 
95 of the black window. 

Although the displays described hereinbefore have 
provided two views, displays providing a larger number 
of views may also be provided. For instance, Figure 36 
illustrates a display providing four views (labelled 1 to 4 
at the viewing windows 16) in each lobe. An observer 
therefore has a wide range of viewing freedom with 
pseudoscopic viewing positions 96, 97 and 98 being 
present at the boundaries between adjacent lobes. 

Figure 37 illustrates a first technique for providing 
an observer with a visual indication of the pseudoscopic 
positions. In this arrangement, the parallax optic portion 
3a has twice the pitch of the parallax optic 3 so that the 
indication in a central lobe 99 is dark whereas the indi- 
cation in adjacent lobes 100 and 101 is bright. The next 
lobes such as 102 are again dark, and so on. Thus, at 
pseudoscopic viewing positions, at least one eye of the 
observer sees a non-black position indication. 

Figure 38 illustrates an alternative arrangement of 
viewer position indication. A dark indication is again pro- 
vided in the central lobe 99. In the next lobes 100 and 
1 01 , the central part is dark whereas the edge parts are 
bright. The next lobes such as 1 02 are dark and so on. 
This arrangement allows additional observers to use the 
display in the intermediate display lobes. 

Figures 39 and 40 illustrate a projection display in 
which the backlight 1 is replaced by a projection light 
source 103 and an optical system 104 projects the im- 
ages displayed on the SLM 2 onto a diffuser 105 dis- 
posed at the rear surface of a lenticular screen 3. The 
lenticular screen portion 3a shown in Figure 40 has 
twice the pitch of the screen 3 for the stereoscopic im- 
ages and provides a viewer position indication in the 
same way as the display shown in Figures 3 and 4. 

Figure 41 illustrates an alternative arrangement for 
providing the viewer position indication. Instead of con- 
trolling the position indication pixels of the SLM 2, a 
printed image 106 is attached to the lenticular screen 
and is illuminated from behind by the light source 103. 

Figure 42 illustrates typical appearances of viewer 
position indication for different positions of an observer. 
The viewer position indication arrangement is assumed 
to be of the type which provides a horizontal strip which 
is dark, as shown at 107, when the observer is in an 
orthoscopic position at the window plane with left and 
right eyes in the left and right windows of the left and 
right viewing zones 35 and 36, respectively. In this case, 
the indicating arrangement appears dark to both eyes. 

When the observer is at a position 1 08 such that the 
right eye is in the viewing zone 35 but the left eye is 
outside the viewing zones, the position indication ap- 



pears black to the right eye but appears as a bright line 
to the left eye as shown at 1 09. When the observer is at 
a position 1 1 0 between the display 1,2,3 and the view- 
ing zones 35 and 36', the combination of the indication 
5 as seen by both eyes appears as shown at 111 . Similar- 
ly, when the observer is at a position 112, the indication 
appears as shown at 1 1 3. Thus, as soon as the observer 
moves outside the range of orthoscopic viewing posi- 
tions, a bright indication starts to appear in at least one 
eye of the observer. 

As described hereinbefore, Figure 7 illustrates the 
longitudinal viewing freedom when the display 1 ,2,3 dis- 
plays a full width 3D image. However, the longitudinal 
extent of the viewing zones is increased when the lateral 
size of the 3D image is less than the width of the display 
1, 2, 3. This is illustrated in Figure 43, in which the 3-D 
image is laterally restricted as shown at 115, such that 
the viewing zones 35' and 36' are substantially longer. 
In this case, the new near point 38'is nearer the display 
1 , 2, 3 than the near point 38 shown in Figure 7. Simi- 
larly, the new far point 39' prime is further from the dis- 
play 1 , 2, 3 than the far point 39 shown in figure 7. 

In order to provide a correct indication to the viewer 
of the increased longitudinal freedom of movement, the 
part of the display providing the viewer position indica- 
tion may be made black in all areas which are laterally 
outside the lateral extent 1 1 5 of the 3D image. Thus, as 
shown in Figure 43, only the portion 1 1 6 of , for instance, 
the pixels providing the viewer position indication are 
used. This results in the view point corrected zone 37' 
matching the viewing zones 35' and 36' as shown in Fig- 
ure 43. Thus, the zone 37' has the same longitudinal 
viewing freedom as the displayed image. 

The lateral extent 115 of the 3D image or all of the 
3D images where more than one is being displayed can 
be determined by a controller for controlling the image 
display and can be supplied to viewing position indica- 
tion width calculating routines, so that the lateral portion 
116 of the active indication matches the total lateral ex- 
tent of the displayed 3D image. As illustrated in Figure 
44, the display 1 , 2, 3 may have several regions 117 in 
which 3D images are being displayed. In order to pro- 
vide the correct indication of viewing freedom, the total 
width of the active part of the display providing the view- 
er position indication is as shown at 118. The active part 
extends continuously from the lateral position of the left 
hand most boundary of the 3D images to the right hand 
most boundary. Thus, optimum viewing freedom of the 
display can be achieved for all images. 



50 

Claims 

1. An autostereoscopic display comprising an image 
55 display (2a), a signal display (2b), and a parallax 
optic (3), characterised in that the parallax optic (3) 
has a first portion, which cooperates with the image 
display (2a) to form a plurality of right and left eye 
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viewing zones (35, 36) in a viewing region, and a 
second portion (3a), which cooperates with the sig- 
nal display (2b) to form a first signal image which is 
visible in at least one first part (37) of the viewing 
region and a second signal image which is visible 
in at least one second part of the viewing region. 

2. A display as claimed in Claim 1, characterised in 
that each of the first and second parts (3 7) com- 
prises a respective adjacent pair of viewing zones 
(35, 36). 

3. A display as claimed in Claim 1 or 2, characterised 
in that the at least one first part comprises a plurality 
of first parts (7, 14, 15) and the at least one second 
part comprises a plurality of second parts (10, 11) 
which alternate spatially with the first parts. 

4. A display as claimed in Claim 3 when dependent on 
Claim 2, characterised in that the first parts (7, 14, 
15) comprise alternate orthoscopic viewing zones 
(17, 19, 21). 

5. A display as claimed in any one of the preceding 
claims, characterised that one of the first and sec- 
ond signal images is a bright image and the other 
of the first and second signal images is a dark im- 
age. 

6. A display as claimed in any one of Claims 1 to 4, 
characterised in that the first signal image is of a 
first colour and the second signal image is of a sec- 
ond colour different from the first colour. 

7. A display as claimed in any one of the preceding 
claims, characterised in that the image display (2a) 
and the signal display (2b) comprise first and sec- 
ond portions, respectively, of a common display (2). 

8. A display as claimed in Claim 7, characterised in 
that the common display comprises a light-trans- 
missive spatial light modulator (2) and a light source 
(1)- 

9. A display as claimed in Claim 8, characterised in 
that the spatial light modulator comprises a liquid 
crystal device (2). 

10. A display as claimed in any one of the preceding 
claims characterised, in that the image display (2a) 
and the first portion cooperate to form the viewing 
zones in a plurality of lobes (7, 10, 11, 14, 15) with 
two viewing zones (L, R) per lobe. 

11. A display as claimed in Claim 10, characterised in 
that the first portion comprises an array of parallax 
elements (6) having a first pitch in a first direction, 
and the second portion (3a) comprises an array of 



parallax elements (32) having a second pitch sub- 
stantially equal to twice the first pitch in the first di- 
rection. 

5 12. A display as claimed in Claim 11, characterised in 
that the image display (2a) comprises an array of 
picture elements (47) having a third pitch in the first 
direction substantially equal to or greater than half 
the first pitch and less than the first pitch and the 

10 signal display (2b) comprises an array of picture el- 
ements (46) which have a fourth pitch substantially 
equal to twice the third pitch in the first direction and 
which are substantially coplanar with the picture el- 
ements (47) of the image display (2a). 

15 

13. A display as claimed in Claim 11, characterised in 
that the image display (2a) comprises an array of 
picture elements (47) having a third pitch in the first 
direction less than half the first pitch and the signal 

20 display (2b) comprises an array of picture elements 
(46) which have a fourth pitch substantially equal to 
twice the third pitch in the first direction and which 
are coplanar with the picture elements (47) of the 
image display (2a). 

25 

14. A display as claimed in any one of the preceding 
claims, characterised in that the parallax optic (3) 
comprises a lens array. 

30 15. A display as claimed in Claim 14, characterised in 
that the lens array (3) comprises a lenticular screen. 

16. A display as claimed in any one of Claims 1 to 1 3, 
characterised in that the parallax optic (3) compris- 
es es an array of holographic optical elements (84, 85). 

17. A display as claimed in anyone of Claims 1 to 13, 
characterised in that the parallax optic (3) compris- 
es a parallax barrier. 

40 

18. A display as claimed in claim 17, characterised in 
that the first portion of the parallax barrier (3) com- 
prises a plurality of slits of a first width and the sec- 
ond portion (3a) of the parallax barrier (3) comprises 

45 a plurality of slits of the first width. 

19. A display as claimed in claim 17, characterised in 
that the first portion of the parallax barrier (3) com- 
prises a plurality of slits of a first width and the sec- 

50 ond portion (3a) of the parallax barrier (3) comprises 
a plurality of slits of a second width less than the 
first width. 

20. A display as claimed in any one of Claims 1 7 to 1 9 
55 when dependent on any one of Claims 11 to 13, 

characterised in that each parallax element (32) of 
the second portion (3a) is aligned in a second direc- 
tion substantially perpendicular to the first direction 
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with a respective parallax element (6) of the first 
portion. 

21. A display as claimed in any one of the preceding 
claims characterised in that the parallax optic (3) is 5 
removable for a non-autostereoscopic display 
mode. 

22. A display as claimed in any one of Claims 1 7 to 20, 
characterised in that the parallax barrier (3) com- 10 
prises a first layer and a removable second layer 
(66), the first layer comprising barrier regions (64) 

for supplying light having a first polarisation and ap- 
erture regions (65) for supplying at least light having 
a second polarisation which is substantially orthog- is 
onal to the first polarisation, the second layer com- 
prising a polariser (66) for passing light of the sec- 
ond polarisation. 

23. A display as claimed in Claim 22, characterised in 20 
that the image display (2a) and the signal display 
(2b) are arranged to supply light of the first polari- 
sation, the barrier regions (64) are arranged to pass 
light of the first polarisation, and the aperture re- 
gions (65) are arranged to convert light of the first 25 
polarisation at least partially to light of the second 
polarisation. 

24. A display is claimed in claim 23, characterised in 
that the first layer is a half waveplate, the barrier 30 
regions (64) have optic axes parallel to the first po- 
larisation and the aperture regions (65) have optic 
axes aligned at 45° to the first polarisation. 

25. A display as claimed in any one of the preceding 35 
claims, characterised in that the signal display (2b) 

is arranged to be active throughout a lateral extent 
(116) corresponding to the lateral extent (115) of the 
or each three dimensional image (117) displayed by 
the image display (2a). 40 
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